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Sunscreens may be defined as agents that protect the skin by absorbing dam-
aging light rays and dissipating their energy in some harmless manner (1).
When an organic compound absorbs radiation, it is either raised to a higher
energy level or disassociated. An excited molecule may dissipate the absorbed
energy by collision, fluorescence, or a reaction with other molecules at collision
(2). The photochemistry of polyatomic molecules is quite complex and very
little is known about photochemical mechanisms of organic compounds. Cer-
tainly not much is known about the energy conversion processes in ultraviolet
absorbers such as substituted benzophenones t, the group with which this presen-
tation is primarily concerned. Gantz and Sumner (3) suggest that possibly the
ultraviolet radiation raises the molecules to a higher electronic energy level,
this energy is quickly converted internally to higher vibrational levels, and
finally is dissipated as thermal energy by collisions.
The families of compounds most commonly used as sunscreening agents are
para-aminobenzoates, anthranilates, salicylates, cinnamates, pyrrones, benzimi-
dazoles, carbazoles, napholsulfonates, and quinine disulfate (4). The first com-
mercial sunscreen appeared in 1928 and was a combination of benzyl salicylate
and benzyl cinnamate. In a recent study Harber (5) confirmed the superiority
of tannic acid and para-aminobenzoic acid over the other compounds tested,
and found tannic acid superior to all others, mole for mole. Rothman (6, 7)
stated that 15 % para-aminobenzoic acid in Ruggles Cream required 50 to 100
times more irradiation to produce a threshold erythema than areas protected
with the plain vehicle. Unfortunately, para-aminobensoic acid and its esters
occasionally produce contact epidermal sensitization and in addition may par-
ticipate in cross sensitization reactions with benzocaine, the sulfonamides and
the analine dyes (8, 9). Sams (10) has recently presented evidence that digalloyl
trioleate, a sunscreening agent found in Neo-A-Fil, may cause photosensitiza-
tion.
A number of benzophenones were studied by VanAllen and Tinker (11),
and they found marked differences in absorption curves between benzophenone,
4-hydroxybenzophenone and 2 ,4-dihydroxybenzophenone. The strong absorp-
tion found in the near ultraviolet of 2, 4-dihydroxybenzophenone is attributed
to a conjugate chelation between the ortho-hydroxy and the carbonyl group.
* From the Department of Dermatology, Baylor University College of Medicine,
Houston, Texas and the Section of Dermatology, Veterans Administration Hospital,
Houston, Texas.
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t Benzophenones, trade-mark Uvinuls, may be obtained from the Antara Chemicals
Division, General Aniline & Film Corporation, 435 Hudson Street, New York 14, N. Y.
Texas Pharmaceutical Co., San Antonio, Texas.
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ENERGY DISTRIBUTION OF COMMON LIGHT SOURCES
In Fig. 3 the structural formulae of several stable ultraviolet light absorbers
are shown. Since a hydroxy group ortho to a carbonyl is characteristic of stable
ultraviolet absorbers, one could conclude that this structure is associated with
the stability and internal energy conversions of these molecules. Solubilities
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and compatibilities vary with the structure. The substituted benzophenone
3-benzoyl-4-hydroxy-6-methoxy-benzenesulfonic acid is water soluble while
other numbers of the series are soluble only in alcohol or organic solvents. Ab-
sorption curves are shown in Fig. 4. Increasing the concentration or increasing
the thickness of the fihn containing the absorber increases the effectiveness of
the absorber. (Fig. 5 and Fig. 6).
Benzophenones are currently being used industrially to protect objects and
materials that are subject to discoloration or deterioration from exposure to
ultraviolet radiation. This includes transparent and translucent plastics, liquids
and solutions to guard against changes in appearance or properties, and
paints, varnishes, etc., to prevent the fading of colors. By absorbing ultraviolet
light the benzophenones prevent photochemical degradation caused by ultra-
violet light. Since these ultraviolet light absorbers appeared to be effective for
various industrial purposes, their usefulness in dermatologic vehicles as topical
sunscreening preparations was investigated.
MATERIALS AND METHODS
In our experiments, selected members of the benzophenone family were incorporated
into ethanol 95% and vanishing cream and compared in different concentrations to tannic
acid, para-aminobenzoic acid and the currently used commercial sunscreen preparations.
The shaved abdomens of white albino rabbits were exposed to ultraviolet light produced
by a standard Burdick hot quartz ultraviolet light machine. At weekly intervals the rabbits
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ABSORPTION CHARACTERISTICS
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were exposed at 9:00 A. M. to the ultraviolet light, distance 20 inches, and were examined
at 4:00 P. M. of the same day and at 9:00 A. M. the following day for the presence or ab-
sence of erythema. By this method the minimal erythema dose (M.E.D.) for each formula-
tion was established. The rabbits' abdomens were shaved at 4:00 P. M. the day prior to
receiving the ultraviolet light.
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In order to facilitate comparisons of the active ingredients tested, the results
of our experiments have been grouped according to the vehicles employed. The
M.E.D. for the unprotected rabbit was found to be 25 to 30 seconds. This was
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TRANSMISSION OF VARYING THICKNESS
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unchanged by the application of ethanol. The M.E.D. for our vanishing cream
base was 55 to 60 seconds.
A. Ethanol 95%
While tannic acid, PABA, 2, 4 dihydroxy benzophenone and 3-benzoyl-4-
hydroxy-6-methoxy-benzenesulfonic acid were all effective ultraviolet light
absorbers in 10% concentrations, PABA and 3-benzoyl-4-hydroxy-6-methoxy-
benzenesulfonic acid were the most effective in preventing erythema. You
will note that in the concentrations we employed, increasing the concentra-
tion of an absorber increased its effectiveness in preventing erythema. The
results are presented in Fig. 7.
B. Vanishing Cream
Vanishing cream, by nature of its physical properties, produces a film of
greater thickness than ethanol and, as expected, sunscreens incorporated in
vanishing creams provide greater protection from erythema producing
ultraviolet rays than do identical concentrations in ethanol. The relative
effectiveness of each agent was quite similar to that obtained with ethanol
95% as the vehicle. (The results are shown in Fig. 8).
C. Commercial Preparations
Twenty-four commercial sunscreening and suntanning agents were also
evaluated. The best protection provided by any product tested was three
to five minutes and only four of the twenty-four gave results that were this
satisfactory. The MED for the others varied from one to two and one-half
minutes. See Fig. 9.
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TWENTY-FOUR COMMERCIAL SUN SCREENS
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COMMENT
Of the total solar radiation only about 0.2% is erythemogenic under the most
ideal conditions. This part of the solar spectrum falls between 2900 and 3200A°.
The rays from 2900 to 3150A° are themain source of discomfort with the maximal
effect of sunburn erythema being established as 2967 angstroms. At 2925A° the
erythemal effectiveness is 70%; at 2967A° it rises to 100%; and at 3132 there is a
steep decrease to 2%. Ninety to 95% of the erythemal radiation is absorbed
by the normal white skin (12).
Luckiesh (13) determined that 20 minutes exposure to the midday sun in
June produced a minimal perceptible erythema on the average untanned white
skin; 50 minutes—a vivid erythema and pigmentation, 100 minutes—painful
sunburn. After sufficient exposure to the sun there is a latent period of 2—6
hours in the normal untanned white skin before the appearance of erythema.
The maximum erythema is reached in about 10 hours. No sunburn is likely
to occur on anydayfrom exposurebefore 8:00 A. M. or after about 4:00 P. M.
Conditions of the atmosphere and seasonal changes are also important in de-
termining the amount of time required to produce erythema.
Kesten (14) has found photosensitive dermatoses produced by visible rays
and states that the sun's rays Concerned with light sensitivity range from ap-
proximately 2900 to 8000 angstrom. Epstein (15) has stressed the fact that the
wavelengths that produce photosensitive diseases are not necessarily those
that produce erythema. He also pointed out that the various disease entities
have been provoked by more than one spectral region and are not due to specific
wave lengths.
From the dermatological point of view it is therefore desirable to use an ultra-
violet light absorbing agent with a wide absorption spectra. See Fig. 10. The
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ABSORPTION CHARACTERISTICS
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benzophenones do not absorb all of the longest ultraviolet rays or any of the
visible rays. Since photosensitive dermatoses can be caused by these rays, the
benzophenones do not represent the perfect light absorber. However our ex-
periments indicate that certain members of this series compare excellently with
the ultraviolet light absorbers currently being utilized.
Because 2, 4-dihydroxybenzophenone is insoluble in water and is almost
colorless, this benzophenone in an alcohol and silicone oil vehicle was chosen
for clinical studies. Photosensitive individuals, fisherman and sunbathers were
among those who used the lotion. This formulation appeared to provide ex-
cellent protection.
SUMMARY
1. A new group of ultraviolet light absorbers is presented.
2. Chemical structures, absorption curves and photochemistry are briefly
discussed.
3. With experimental animals, selected members of the benzophenone family
were found to provide excellent protection from the erythema producing
ultraviolet wavelengths.
4. Data are presented comparing these benzophenones with known sunscreening
agents.
5. Experimental and clinical findings indicate that certain substituted benzo-
phenones are excellent ultraviolet light absorbers.
Appreciation is extended to L. A. Leavitt, M.D., Chief of Physical Medicine
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and Rehabilitation Service of the Veterans Administration Hospital, Houston,
Texas.
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DISCUSSION
DR. BEATRICE M. KESTEN (New York, N.Y.): I think Dr. Knox brought to
our attention a very interesting group of chemicals and I do hope with further
work on this that it will be found that these are entirely non-toxic and can be
used not only in industry as they are being used today, but can be used on
humans.
DR. RUDOLF L. BAER (New York, N.Y.): I would like to ask Dr. Knox whether
anything is known about the allergenic sensitizing properties of these compounds.
He mentioned the occasional occurrence of allergic contact dermatitis due to
para-aminobenzoic acid. There are instances of allergic contact dermatitis due
to para-aminobenzoic acid but their incidence seems to be exceedingly low, con-
sidering their very widespread use, and it would be very important to know
the incidence of sensitizations produced by this new group of compounds.
DR. JOHN M. KNOX (in closing): Time alone will tell the clinical application
of the benzophenones. Although the value of prophetic patch testing is open to
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question and large numbers are desirable, patch tests on 50 individuals revealed
no incidence of primary irritation or sensitization. None of the workers handling
the benzophenones, rabbits, or patients using the benzophenones developed
epidermal sensitization. However, the 2.4 dihydroxy benzophenone in most
individuals caused a slight burning sensation but no visible irritation. The 3
benzol 4 hydroxy 6 methoxy benzophenone did not have this ill effect but only
time will tell whether these compounds will be safe to use. Since most of these
benzophenones are insoluble in water and oil, you would think that they would
be very safe from the standpoint of systemic toxic effects.
